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A process is described for the recovery of gold from gold-loaded thiosulphate solution. The solution is treated with at least 
a stoichiometric amount of cyanide ions and the resultant gold complex is adsorbed by an adsorbent, such as carbon or a resin. 
The gold loaded adsorbent is then subjected to stripping to recover adsorbed gold. The process is surprisingly effective in separat- 
ing gold from thiosulphate solutions which are normally difficult to treat. 
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SEPARATION PROCESS 

The present invention relates to the recovery of 
metals from solution and more particularly relates to the 
recovery of gold from leach solutions. 

It is common for gold or precious metals to be 
separated from their ores by treatment with cyanide 
solutions, the metal forming a soluble complex with the 
cyanide and being subsequently extracted from solution. 
However, certain gold-bearing ores (referred to generally as 
, refractory ores) are not amenable to cyanidation and include 
pyritic and arsenopyritic ores. 

A number of cyanide extraction processes for 
extracting gold from refractory ores are known. These are 
directed towards the breakdown of the sulphur matrix and the 
removal of the gold in a solubilised form from which it may 
subsequently be retrieved. Such techniques include roasting 
of the ground ore followed by cyanidation or acid pressure 
leaching with sulphuric acid and oxygen at about 200 ®C 
followed by cyanidation of the neutralised residue. 

A process has also been proposed for the leaching 
of precious metals from arsenopyritic, pyritic or related 
ores by treatment of the ore with an alkaline solution while 
bubbling oxygen containing gas through the mixture to break 
up the matrix. Such a process is described in EP^A-!-0316094 . 

A further alternative for recovery of precious 
metals, such as gold, from their ores involves treatment of 
the ore with a thiosulphate solution. For example, US-A- 
4070182 teaches a process for the recovery of gold from 
copper bearing sulphidic material containing gold. The 
copper bearing sulphidic material is subjected to a main 
leach under oxidising conditions to provide a copper 
containing main leach liquor and a main residue. This 
residue, or the copper bearing sulphidic material before the 
main leach, is subjected to a secondary leach with ammonium 



thiosulphate solution to provide a gold containing secondary 
leach liquor and a secondary residue. Cementation with zinc 
is said to provide a commercially useful and effective 
method of precipitating the precious metals from solution^ 
preferably after first reducing cupric ions in the solution 
to cuprous ions, for example by reaction with sulphur 
dioxide. According to column 1, lines 38 to 68 of US-A- 
4269622 problems arise due to the instability of the 
thiosulphate ion in this process. Thus US-A-4269622 teaches 
a process for recovery of precious metals such as gold and 
silver from ores that are difficult to treat, particularly 
those containing manganese, by lixiviating using an ammonium 
thiosulphate leach solution containing copper, sufficient 
ammonia to maintain a pH of at least 7 ,5, and at least 0.05% 
sulphite ion. Proposed methods of recovery of the precious 
metals from the leach solution are use of metallic zinc, 
iron or copper, of electrolysis or of addition of soluble 
sulphides to recover a sulphide precipitate. It is said 
that, with the use of such a leach liquor good recoveries 
are achieved in less time compared with the prior art use of 
cyanide, and without the possibility of contamination of 
streams and surroundings. A development of the process is 
described in as-A-4369061 wherein the sulphite ion 
concentration is maintained at at least 0.05% by generation 
in situ by the addition of sulphur dioxide, and generating 
thiosulphate in situ as needed by the addition of elemental 
sulphur to the system. 

More recently US-A-4778519 has disclosed a method 
for recovery of gold and silver from precious metal bearing 
materials, including ores, with a thiourea solution to form 
a thiourea leach which is then contacted with carbon to 
absorb the gold and silver and provide loaded carbon. The 
precious metals are then separated from the carbon by 
contacting the loaded carbon, with thiosulphate ions. 
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The present invention seeks to provide an improved 
process for the recovery of gold from thiosulphate 
containing solutions, for example those obtained from 
leaching of refractory ores. 

According to the present invention there is 
provided a process for the recovery of gold from gold-loaded 
thiosulphate solution comprising the steps of (a) adding to 
the solution at least a stoichiometric amount of cyanide 
ions (relative to gold) (b) adsorbing the resultant gold 
cyanide complex on an adsorbent and (c) separating the 
adsorbed gold from the adsorbent. 

In a gold extraction process the concentration of 
gold in a typical thiosulphate leach liquor may be measured 
in terms of a few mg per litre of liquor. Hence very low 
concentrations pf gold are normally present in the leach 
liquor. Moreover, since silver is often present in a gold 
bearing ore, the, leach liquor may contain significant 
quantities of silver, often in excess of the amount of gold 
present. Cementation with zinc will normally result in co- 
precipitation of gold and silver so that subsequent 
processing steps are required to separate gold from silver. 

Carbon is not an effective adsorbent for gold from 
a typical gold-containing thiosulphate leach liquor, we have 
found in the course of our experiments. Surprisingly, 
however, even when the gold- thiosulphate complex ion is 
present in very low concentrations (e.g. 5 ppm) , such as may 
be encountered in typical gold processing operations, the 
reaction of cyanide ions with the gold-thiosulphate complex 
ion proceeds essentially to completion, even though only a 
stoichiometric or near stoichiometric amount of cyanide is 
used. It is further surprising that, even though the 
presence of excess thiosulphate ions in the leach liquor 
would be expected to displace reaction equilibria in favour 
of the gold-thiosulphate complex ion, yet the reaction of 
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cyanide ion in a stoichiometric or near stoichiometric 
amount still proceeds essentially to completion in the leach 
liquor. It is also surprising that there does not appear to 
be any side reaction of the cyanide ion even though added at 
very low concentrations; in particular it is surprising that 
the cyanide ions do not react with the excess thiosulphate 
ions to form thiocyanate (SCN") ions. The resulting gold 
cyanide complex can be efficiently adsorbed from the leach 
liquor on carbon and subsequently stripped therefrom so that 
the process of the invention results in very high recovery 
of gold from the thiosulphate leach liquor. Since only a 
stoichiometric or near stoichiometric amount of cyamide is 
added to the leach liquor, the concentration of free cyanide 
ions in the barren leach liquid resulting after contact with 
the adsorbent is low and is typically equivalent to only a 
few mg per litre. Hence the danger of environmental damage 
by use of cyanide ions is correspondingly low. 

Another advantage of the process of the present 
invention is that the recovery of gold is selective; if the 
leach liquor also contains other dissolved metals, such as 
silver, then the selectivity of recovery of gold, compared 
to silver, is extremely high, even though silver can also 
form complex metal cyanide ions which are also capable of 
being adsorption upon an adsorbent, such as carbon. In our 
experiments we found that the recovery of gold present in 
the thiosulphate leach liquor was greater than 95%, 
typically at least about 97% under favourable circumstances, 
using the process of the invention, whilst less than 1% of 
the silver present in the thiosulphate leach liquor, 
typically not more than about 0.5% thereof, is recovered in 
the stripping step. 

The gold- loaded thiosulphate solution may be 
obtained by treatment of a gold-bearing material, such as an 
ore, with a thiosulphate solution. Alternatively it can be 
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obtained by the treatment of an oxidised residue of a 
refractory ore, such as a pyritic ore or an arsenopyritic 
ore, with a thiosulphate solution. Another way of producing 
a gold-loaded thiosulphate solution involves treating a 
refractory ore, such as a pyritic ore or an arsenopyritic 
ore, with oxygen and an alkaline solution as taught, for 
example, by EP-A-0316094 ; in this case the thiosulphate ions 
may be generated in situ . 

The adsorbent may be any adsorbent that will adsorb 
a gold cyanide complex from a solution thereof. Typical 
adsorbents include carbon, preferably activated carbon, or a 
resin, such as an anion exchange resin. 

The adsorbed gold may be separated from the 
adsorbent, e.g. carbon, by a stripping process such as the 
Zadra stripping process. Stripping of the loaded carbon 
with a stripping liquid, such as water, dilute caustic or 
dilute caustic cyanide, at temperatures above 130 •C can be 
used as described in US-A-3920403 . 

In the process of the invention cyanide ions may be 
added in an amount corresponding to from 1 to about 400 
times the cyanides gold stoichiometric ratio. Preferably the 
amount of cyanide ions added corresponds to no more than 
about 25 times, e.g. less than 10 times, the cyanides gold 
stoichiometric ratio. Even more preferably the amount of 
cyanide ions added correspond to no more than about twice, 
e.g. 1.5 times or less, the cyanides gold stoichiometric 
ratio. The cyanide ions may be added in any convenient 
form, for example as an alkali metal cyanide, such as sodium 
or potassium cyanide. 

The gold-loaded thiosulphate solution may contain 
up to about 6% w/v Na2S203, typically from about 0.1% w/v up 
to about 6% w/v, for example from about 1% w/v to about 6% 
w/v Na2S203. It may further contain 
one or more of the following components, viz . ; 
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(a) up to about 25% w/v Na2S04^ e.g. from about 0.1% 
w/v up to about 25% w/v, typically at least about 1% w/v, 
for example from about 15% w/v to 25% w/v Na2S04; and/or 

(b) up to about 5% w/v Na2C03, e.g. from about 0.1% w/v 
to about 5% w/v Na2C03; and/or 

(c) up to about 10% w/v NaOH, e.g. from about 0.1% w/v 
up to about 10% w/v NaOH. 

The gold in the gold-loaded thiosulphate solution 
is present as the gold thiosulphate complex anion, typically 
at a concentration of from about 1 to about 10 mg/1^ 
calculated as gold metal. 

As mentioned above ^ silver also forms complex ions 
by reaction with cyanide ions. Other metals which can form 
complex ions with cyanide and may be present in gold ores 
and other gold-bearing materials used for the production of 
the staxting gold- loaded thiosulphate solution include 
copper and zinc. It is an advantage of the process of the 
invention that it permits the selective recovery of gold 
from solutions containing silver and other metals that form 
complex ions with cyanide. Hence the invention further 
provides a process for the selective recovery of gold from a 
thiosulphate-containing feed solution containing at least 
one further metal selected from silver, copper, zinc and 
mixtures thereof, comprising the steps of: 

(a) adding to the feed solution at least a 
stoichiometric amount of cyanide ions relative to gold; 

(b) adsorbing the resultant gold cyanide complex on an 
adsorbent thereby to produce (i) a gold-loaded adsorbent 
bearing a substantial proportion of the gold present in the 
feed solution and at most a minor proportion of said at least 
one other metal present in the feed solution and (ii) a 
barren liquor containing substantially all of said at least 
one other metal present in the feed solution and at most a 
minor proportion of the gold present in the feed solution; 
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(c) separating the gold-loaded adsorbent from the barren 
liquor ; and 

(d) separating the adsorbed gold from the adsorbent. 

In such a process, under favourable conditions, the 
adsorbent may adsorb at least about 90% of the gold present 
in the gold-loaded solution, up to about 95% or more thereof 
(e*g. about 97% or more), whilst adsorbing no more than 
about 10%, and preferably not more than about 5% (even more 
preferably not more than about 1% or less), of any other 
dissolved metal, such as silver, copper or zinc, that can 
form complex anions by reaction with cyanide ions. In this 
way the subsequent refining of the recovered gold is 
correspondingly facilitated. 

The invention will now be described by way of 
example only. 

400 mis of a solution of 3.32 mg of gold (in the 
form of the anion Au(S203 ) 2^^") per litre of water was 
stirred with 10 g of activated carbon at 25^C for 24 hours 
and with the addition of varying amounts of cyanide ion in 
the form of sodium cyanide solution. The gold concentration 
of the barren solution was measured to indicate the 
adsorption or take up of gold onto the carbon. The results 
are shown in Table 1. The results indicate that even for a 
gold: cyanide stoichiometry of Is 1.15, the gold was adsorbed 
quantitatively onto the carbon in all cases and except in 
the case of zero cyanide ion, the barren solution 
concentration was below the limit of measurement (<0.1 
mg/l). 
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TABLE 1 



mg CN~ 
added 


Stoichiometric 
Ratio AuiCN" 


Barren Solution 
Gold Concn. (mg/1) 


0 


0 


0.8 


0.4 


1:1.15 


<0.1 


1.0 


1:2.90 


<0.1 


2.0 


1:5.80 


<0.1 


10.0 


1:29.0 


<0.1 


20.0 


1:58.0 


<0.1 


100.0 


1:290 


<0.1 



For use in a commercial process (a) the carbon has 
to be reused and also (b) must be capable of high gold 
loadings whilst retaining loading efficiency <. A further 
series of experiments was conducted to demonstrate the 
ability of carbon to adsorb the gold efficiently with 
increasing gold loading, 

4000 mis solution containing 20% w/v Na2S04, 4% w/v 
Na2S203, 1% w/v Na2C03, circa 7 mg/1 gold (in the form of 
the thiosulphate anion) was mixed with 8 mg of cyanide ion 
in the form of sodium cyanide (which is equivalent to a gold 
to cyanide ion stoichiometric ratio of Is 1,2) and activated 
carbon. The solution was stirred at 140 rpm for 24 hours at 
25*^0 then the carbon was screened off. This was then 
contacted with fresh solution and the cycle was repeated to 
increase gold loading. The extent of gold loading was 
indicated from analyses of the feed and barren solutions. 
After the last cycle, the carbon was separated, dried and 
weighed. Gold content was determined by a conventional fire 
assay method. The results are shown in Table 2. 
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TABLE 2 



Cycle 


Feed Solution 


Barren Solution 


' Indicated ' 


Gold (mg/l) 


Gold (mg/l) 


Gold Loading 

(g/t) 


1 


3.6 


0.1 


350 


2 


3.5 


<0.1 


690 


3 


4.6 


<0.1 


1140 


4 


4.0 


<0.1 


1530 


5 


5.8 


0.1 


2100 


6 


6.4 


0.1 


2730 


7 


5.8 


<0.1 


3300 


8 


6.0 


0.1 


3889 


9 


5.8 


<0.1 


4460 


10 


5.6 


<0,1 


5017 


11 


5.2 


<0.1 


5532 


12 


5.7 


<0.1 


6101 


13 


5.2 


<0.1 


6623 


14 


5.3 


<0.1 


7151 


15 


7.5 


<0.1 


7896 


16 


6.6 


<0.1 


8553 


17 


7.2 


0.3 


9249 


18 


6.8 


<0.1 


9921 


19 


6.3 . 


<0.1 


10554 


20 


6.5 


<0.1 


11206 


21 


6,2 


<0.1 


11828 


22 


6.3 


<0.1 


12454 


23 


6.9 


<0.1 


13138 


24 


6.4 


0.2 


13763 



Actual gold loading = 10,825 g/t. 

A further series of experiments was carried out in 
which leach solutions were prepared by contacting a gold- 
bearing solid with aimnoniacal thiosulphate solution 
comprising 18% ammonium thiosulphate, 3% ammonium sulphate, 
2% ammonia and 4 g/1 of cupric ion. The leach was carried 
out for, 2 hours at 50^C. 500 mis of each solution were then 
stirred with 5 g carbon at 25*C for 17 h with 5 mg cyanide 
added in one test. Gold loading was based on feed and 
barren solution analysis. 
The results were as follows: 
(i) No cyanide added 

Wt of carbon = 4.949 g 
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Feed solution 1.52 mg of gold in the form of the 

thiosulphate anion/ litre 

Barren solution 1.45 mg of gold in the form of the 

thiosulphate anion/litre 

Gold Loading on carbon = 7 g/t - 5% recovery 
(ii) Cyanide added 

Wt of carbon = 4.961 g 

Feed solution 0.95 mg of gold in the form of the 

thiosulphate anion/litre 
Barren solution 0.06 mg of gold in the form of the 

thiosulphate anion/litre 
Gold loading on carbon = 90 g/t (94% recovery) 
Also experiments were carried out to show the 
selectivity of the process of the present invention for gold 
as opposed to silver. A leach solution was prepared by 
leaching a gold and silver containing solid with an 
ammoniacal thiosulphate solution comprising 18% ammonium 
thiosulphate, 3% ammonium sulphate, 2% ammonia and 4 g/1 of 
cupric ion. The leach was carried out for 2 hours at 50«*C. 
The pregnant solution was found to contain 58 mg/1 of gold 
and 110 mg/1 of silver. 500 mis of this solution was 
stirred with 5 g carbon and 40 mg cyanide ion for 17 h at 
25«»C. The carbon analysis and the barren solution 
concentration were then used to calculate gold loading. The 
analysis was as follows: 

Weight of carbon = 4.646 g 
Barren solution - 1.1 mg/1 gold 

93 mg.l silver 
Carbon loading - 4790 g/t gold 

40 g/t silver 

This is equivalent to a gold recovery of 97.8% and a silver 
recovery of 0.4%. 

The gold was stripped off the loaded carbon as 
follows. 4 mg of loaded carbon (containing 43.57 mg of 
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gold) was soaked in a solution containing 5% w/v of sodium 
cyanide, 1% sodium hydroxide for one hour at 102 ^C. The 
solution was decanted off and the carbon refluxed with 750 
mis of water at 102**C for 17 hours. The water was then 
decanted off and the carbon contacted with 750 mis of fresh 
water and refluxed for 7 hours at 102 •C. The carbon was 
then separated and dried. All the solutions and the carbon 
were analysed for gold content. 

The conditions used are for a standard laboratory 
technique for stripping gold from carbon (Zadra strip), the 
observed stripping efficiency of 96% being good in view of 
the unoptimised process. 



TABLE 3 



Sample 


mg gold 


% gold in phase 


Cumulative gold % 


Strip soln. 


24.8 


63.4 


63.4 


Water wash 1 


10.9 


27.8 


91.2 


Water wash 2 


2.03 


5.2 


96.4 


Carbon 


1.40 


3.6 


100 
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CLAIMS 



A process for the recovery of gold from gold-loaded 
thiosulphate solution comprising the steps of (a) adding to 
the solution at least a stoichiometric amount of cyanide ions 
relative to gold (b) adsorbing the resultant gold cyanide 
complex on an adsorbent and (c) separating the adsorbed gold 
from the adsorbent • 

2- A process according to claim 1, wherein the gold- 

loaded thiosulphate solution is obtained by treatment of a 
gold-bearing ore with a thiosulphate solution. 

A process according to claim 1, wherein the gold- 
loaded thiosulphate solution is obtained by the treatment of 
an oxidised residue of a refractory ore with a thiosulphate 
solution, 

^- A process according to claim 1^ wherein the gold- 

loaded thiosulphate solution is obtained by treating a 
refractory ore with oxygen and an alkaline solution • 

5. A process according to claim 3 or claim 4^ wherein 

the refractory ore is a pyritic ore. 

^- A process according to claim 3 or claim 4, wherein 

the refractory ore is an arsenopyritic ore. 

^* A process according to any one of claims 1 to 6^ 

wherein the adsorbent is carbon. 



8. A process according to claim 7, wherein the carbon 

is an activated carbon. 
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9. A process according to any one of claims 1 to 6, 
wherein the adsorbent is a resin. 

10. A process according to any one of claims 1 to 9, 
wherein the adsorbed gold is separated from the adsorbent by 
the Zadra stripping process • 

11. A process according to any one of claims 1 to 10^ 
wherein cyanide ions are added in an amount corresponding to 
from 1 to about 400 times the cyanides gold stoichiometric 
ratio . 

12. A process according to claim 11, wherein cyanide 
ions are added in an amount corresponding to from 1 to about 
10 times the cyanides gold stoichiometric ratio • 

13 • A process according to any one of claims 1 to 12 , 

wherein the gold-loaded thiosulphate solution up to 6% w/v 
Na2S202 • 

14 • A process according to any one of claims 1 to 13, 

wherein the gold-loaded thiosulphate solution contains at one 
or more of the following components, viz> s 

(a) up to about 25% w/v Na2S04; and/or 

(b) up to about 5% w/v Na2C03; and/or 

(c) up to about 10% w/v NaOH, 



15. A process according to any one of claims 1 to 14, 
wherein the thiosulphate solution contains from about 1 to 
about. 10 mg/1 gold (in the form of the thiosulphate anion). 

16. A process for the selective recovery of gold from a 
thiosulphate-containing feed solution containing at least one 
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further metal selected from silver^ copper, zinc and mixtures 
thereof, comprising the steps of: ? 

(a) adding to the feed solution at least a 

stoichiometric amount of cyanide ions relative to gold; ^ 

(b) adsorbing the resultant gold cyanide complex on an 
adsorbent thereby to produce (i) a gold-loaded adsorbent 
bearing a substantial proportion of the gold present in the 
feed solution and at most a minor proportion of said at least 
one other metal present in the feed solution and (ii) a 
barren liquor containing substantially all of said at least 
one other metal present in the feed solution and at most a 
minor proportion of the gold present in the feed solution; 

(c) separating the gold-loaded adsorbent from the barren 
liquor; and 

(d) separating the adsorbed gold from the adsorbent. 
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